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(54) High performance, directional cellular band antenna 



(57) An indoor cellular band antenna (1 0) that is low 
cost, easy to assemble, easy to manufacture, and has 
better performance than those antennas existing in the 
art. The antenna (10) has an outer metal housing (12) 
including angled side panels (22, 24), trapezoidal- 
shaped top and bottom panels (18, 20) and a rectangu- 
lar shaped back panel (26) defining a 90E truncated cor- 
ner configuration. A radome (14) is positioned over the 
front of the housing (12) by sliding it beneath extending 
clips (30) formed to the side panels (22, 24). An antenna 
dipole (16) is mounted in the housing (12) and includes 
two dipole members (42, 44). Each dipole member (42, 
44) includes a rectangular dipole element (46, 58), ex- 
tended transmission balun members (52, 59) and a back 



mounting plate (54, 61) formed from a single piece of 
metal. The transmission balun members (52, 59) are 
parallel to each other and specially spaced to provide a 
predetermined and electromagnetic coupling between 
the dipole members (42, 44). An antenna cable (36) ex- 
tends through the top panel (1 8) of the housing (12). An 
outer conductor (62) of the cable (36) is electrically con- 
nected to one of the transmission balun member (52) of 
one dipole member (42) and an inner conductor (60) is 
electrically connected to the dipole element (46) of the 
same dipole member (42). The inner and outer conduc- 
tors (60, 62) of the cable (36) are mounted to the dipole 
member (42) by connectors (64, 70) formed from the 
dipole member (42). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] This invention relates generally to an antenna 
and, more particularly, to an indoor, low cost high per- 
formance, directional cellular band antenna employing 
a 90E truncated reflector housing and rectangular dipole 
elements. 

2. Discussion of the Related Art 

[0002] Many types of communications antennas exist 
in the art. Each various antenna design must provide 
suitable performance at the particular bandwidths of op- 
eration. For cellular telephones, the antenna must effec- 
tively receive and transmit signals in the 800-1 050MHz 
range. Certain building materials may significantly at- 
tenuate cellular band signals, thus reducing the ability 
of the telephone to operate effectively indoors. There- 
fore, it may be desirable to provide a cellular band an- 
tenna within a room or interior space that it electrically 
connected to an exterior antenna to provide suitable op- 
eration of the cellular telephones within the space. Sev- 
eral different requirements drive the design of these 
types of antennas. These requirements include low 
cost, ease of manufacture and assembly, ease of instal- 
lation, ability to be inconspicuously mounted in the 
space, high performance over the desired bandwidths, 
suitable front-to-back ratio (FBR), and reliability. 
[0003] State of the art antennas of this type include 
triangular dipoles, 90E corner reflector antennas, and 
radome antennas such as the Allen MicroFill indoor an- 
tennas, Model Nos. DB781 and DB791 , and the Suhner 
planar antennas, known to those skilled in the art. How- 
ever, improvements can be made in the existing anten- 
na art to provide an increase in one or more of the 
above-described desirable features. It is therefore an 
object of the present invention to provide an indoor an- 
tenna operable in the cellular band frequency range that 
includes significant improvements over the state of the 
art antenna designs. 

SUMMARY OF THE INVENTION 

[0004] In accordance with the teachings of the 
present invention, an indoor cellular band antenna is 
disclosed that is low cost, easy to manufacture and as- 
semble, easy to install, and has better performance than 
the comparable antennas existing in the art. The anten- 
na has an outer metal housing including angled side 
panels, trapezoidal -shaped top and bottom panels and 
a rectangular-shaped back panel defining a 90E trun- 
cated comer configuration. A radome is positioned over 
the front of the housing by sliding it beneath extended 
clips formed to the side panels. An antenna dipole is 
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mounted in the housing and includes two dipole mem- 
bers positioned to be substantial mirror images of each 
other except for minor differences. Each dipole member 
includes a rectangular dipole element, an extended 
transmission balun member, and a back mounting plate. 
The transmission balun members are parallel to each 
other and are spaced apart a predetermined distance to 
provide electromagnetic coupling between the dipole 
members. An antenna cable extends through the top 
panel of the housing to be connected through a distri- 
bution system to an exterior antenna. An outer conduc- 
tor of the cable is electrically connected to the transmis- 
sion balun member of one of the dipole members and 
an inner conductor is electrically connected to the dipole 
element of the same dipole member. The inner and out- 
er conductors of the cable are mounted to the dipole por- 
tion by connectors formed from the dipole member. Ad- 
ditional objectives, advantages, and features of the 
present invention will become apparent from the follow- 
ing description and appended claims, taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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25 [0005] 

Figure 1 is a perspective view of an indoor, cellular 
band antenna, according to an embodiment of the 
present invention; 
30 Figure 2 is a perspective view of the antenna shown 
in Figure 1 with the front cover removed; 
Figure 3 is a perspective view of the housing of the 
antenna shown in Figure 1 without the front cover; 
Figure 4 is a cut-away view of a housing clip for 
35 holding the cover to the housing of the antenna 
shown in Figure 1 ; 

Figure 5 is a front perspective view of an antenna 
dipole of the antenna, including two rectangular- 
shaped dipole elements, removed from the hous- 
40 ing; 

Figure 6 is a back perspective view of the antenna 
dipole of the antenna shown in Figure 5; 
Figures 7-9 show three perspective views of one of 
the dipole members of the dipole shown in Figure 5 
45 depicting the connection of an antenna cable; 

Figure 10 is a perspective view of the other dipole 
member of the dipole shown in Figure 5; 
Figure 11 is a cut-away, cross-sectional view of a 
punched-out clip used to hold an outer conductor of 
^o the antenna cable; and 

Figure 12 is a cut-away, cross-sectional view of a 
portion of one of the dipole elements showing a 
punched-out connector for the inner conductor of 
the antenna cable. 

55 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0006] The following discussion of the preferred em- 
bodiments directed to a cost effective, indoor cellular 
band antenna is merely exemplary in nature, and is in 
no way intended to limit the invention or its applications 
or uses. Particularly, the antenna of the invention will be 
described as an antenna useful for an interior space, 
such as a hotel room or office building, and operable at 
cellular telephone frequencies. However, the particular 
design and features of the antenna of the invention has 
a wider application for other types of antenna usages, 
and other cellular bands such as PCS and GSM. 
[0007] Figure 1 is a perspective view of a cellular band 
antenna 1 0, according to an embodiment of the present 
invention. The antenna 1 0 includes an outer metal hous- 
ing 12 including a plastic cover or radome 14 that is 
transparent to the electromagnetic radiation of the 
wavelengths of interest. Figure 2 shows the same per- 
spective view of the antenna 1 0 as in Figure 1 , but with 
the radome 14 removed to expose an antenna dipole 16 
within the housing 12. As will be discussed below, the 
antenna dipole 16 is a unique, cost effective antenna 
design that includes rectangular dipole elements for pro- 
viding increased antenna performance, low cost, and 
ease of manufacture, as well as other advantages. 
[0008] Figure 3 shows a perspective view of the hous- 
ing 12 with the radome 14 and the antenna dipole 16 
removed. The housing 12 includes opposing, trapezoi- 
dal-shaped top and bottom panels 1 8 and 20 and angled 
side panels 22 and 24 that extend from the radome 14 
to a back panel 26, as shown. The combination of the 
side panels 22 and 24 and the back panel 26 define a 
90E truncated corner configuration, in that if the back 
panel 26 was removed and the side panels 22 and 24 
were extended, the side panels 22 and 24 would inter- 
sect at a 90E angle. The combination of the side panels 
22 and 24, in combination with the top and bottom pan- 
els 1 8 and 20 and the back panel 26, reflect electromag- 
netic radiation towards the radome 14 to increase the 
antenna's front-to-back ratio (FBR). 
[0009] A series of specially configured mounting slots 
28 extend through the back panel 26 and the side panels 
22 and 24 so that the antenna 10 can be readily and 
easily mounted at an inconspicuous location in the cor- 
ner of a room by screws, or the like. Four "J-shapecT 
clips 30 are formed in the side walls 22 and 24 at each 
corner of the radome 1 4, so that the radome 1 4 can be 
mounted to the housing 1 2 by sliding it between the clips 
30 and the top and bottom panels 18 and 20. A close- 
up view of one of the clips 30 is shown in Figure 4. A 
circular opening 34 is formed through the top panel 18 
proximate the back panel 26 to allow a coaxial antenna 
cable 36 to extend into the housing 12 to be connected 
to the antenna dipole 16, as will be discussed in detail 
below. The housing 1 2 is formed by a cost effective met- 
al rolling, cutting and/or punching process. 



[0010] Figure 5 shows a front perspective view and 
Figure 6 shows a back perspective view of the antenna 
dipole 16 removed from the housing 12. The antenna 
dipole 16 includes a first dipole member 42 and a sec- 
5 ond dipole member 44. The dipole members 42 and 44 
are mirror images of each other, except for minor differ- 
ences apparent from the discussion and the figures. Fig- 
ures 7-9 show different perspective views of the mem- 
ber 42 separated from the dipole 16 and connected to 
10 the cable 36. Figure 1 0 shows a perspective view of the 
dipole member 44 separated from the dipole 16. The 
dipole member 42 includes a rectangular dipole element 
46, an elongated transmission balun member 52 and a 
mounting base plate 54. The dipole element 46, the 

is transmission balun member 52 and the base plate 54 
are formed of a single piece of a conductive metal, such 
as aluminum, that has been bent and formed to the 
shape as shown. A pair of bolts 56 extend through the 
base plate 54 to mount the dipole member 42 to the back 

20 panel 26 in an electrical contact. 

[0011] The dipole member 44 includes substantially 
the same components as the dipole member 42 includ- 
ing a rectangular dipole element 58, a transmission bal- 
un member 59 and a base plate 61 . The dipole elements 

25 46 and 58 are monopole elements when separated. The 
two dipole elements 46 and 58 are positioned in sub- 
stantially the same plane, and are directed towards the 
radome 14. The two extended parallel transmission 
members 52 and 59 of the dipole members 42 and 44 

30 form a balun. The members 52 and 59 are spaced apart 
from each other by a predetermined distance based on 
the frequency band of interest to provide electromag- 
netic coupling between the dipole members 42 and 44 
and an electrical feed to the elements 46 and 58, as 

35 would be understood to those skilled in the art. The 
spacing between and configuration of the dipole mem- 
bers 42 and 44, and the shape of the elements 46 and 
58 allow the antenna 1 0 to operate at the bandwidth de- 
scribed herein with high performance. 

40 [0012] The cable 36 is connected to the dipole mem- 
ber 42, and is the feed to transmit electromagnetic radi- 
ation to the antenna 10 and for electromagnetic radia- 
tion received by the antenna 10. The cable 36 includes 
an inner conductor 60 and an outer conductor 62. The 

45 outer conductor 62 is electrically connected to the dipole 
member 42 by a pair of mounting tabs 64 punched from 
the transmission balun member 52 and formed, as 
shown. Figure 11 shows a cut-away, cross-sectional 
view of one of the mounting tabs 64 without the outer 

50 conductor 62 mounted therein. 

[0013] An insulating layer 66 between the inner con- 
ductor 60 and the outer conductor 62 extends through 
the balun member 52 and along its length between the 
balun members 52 and 59. A metal stand-off 68 formed 

55 from a cut-out section of the balun member 52 holds the 
inner conductor 62 and the insulating layer 66 of the ca- 
ble 36 in place relative to the balun member 52. A foam 
spacer 67 is positioned between the balun member 52 
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and the inner conductor 62, as shown, to also hold the 
conductor 62 in the proper location. A metal stand-off 
69 formed from a cut-off section of the balun member 
59 also acts to provide appropriate spacing between the 
balun members 52 and 59. Additionally, a connecting 
strip 71 , such as a Ty-Rap, can be wrapped around the 
balun member 52 to also provide dimensional integrity. 
The stand-off 68 and the spacer 67 are specially de- 
signed to position the inner conductor 60 at a desirable 
spacing between the balun member 52 of the dipole 
member 42 and the balun member 59 of the dipole 
member 44. 

[001 4] The inner conductor 60 extends back through 
the balun member 52 and is electrically connected to 
the rectangular dipole element 46 by a pair of connec- 
tors 70 formed by punching out a portion of the element 
46 as shown. Figure 12 shows a cut-away cross-sec- 
tional view of one of the connectors 70. 
[0015] The configuration and design of the antenna 
10, as discussed above, provides a number of advan- 
tages for an antenna of this type in the prior art. Partic- 
ularly, the antenna 10 is low cost, easy to manufacture, 
easy to assemble, simple to install, and provides supe- 
rior electrical performance. The rectangular dipole ele- 
ments 46 and 58 and the configuration of the antenna 
dipole members 42 and 44 provide high performance 
operation in the 800-1 050MHz range. The antenna 10 
has an excellent gain of 8.0 dBi or greater, and an ex- 
cellent front-to-back ratio greater than 25 dB in the 
range of 780-960MHz and greater than 20 dB in the 
960-1 050MHz range. Additionally, the antenna 10 has 
a 3 dB beamwidth azimuth plane of 70E-80E and a 3 
dB beamwidth elevation plane at 55E-70E. The imped- 
ance is 50 ohms, the polarization is linear, and the 
VSWR over the 800-1 050 MHz range is less than 1 .5 of 
the antenna 10. 

[0016] In one embodiment, for the above-described 
performance, the antenna 10 has the following dimen- 
sions. The radome 14 is a square 9 inches by 9 inches. 
The back panel 26 is centered and has a width of 1 .7 
inches. The clips 30 are 0.26 inches long and have a 
spacing of 0.07 inches. The perpendicular distance from 
the radome 14 to the back panel 26 is 3.625 inches. The 
dipole elements 46 and 58 are 7.1 inches long, 2.962 
inches wide and 0.062 inches thick. The balun members 
52 and 59 are 3.585 inches long and 1 .0 inches wide at 
their narrowest point. The base plate 54 is 1 .50 inches 
square. The clips 64 and 70 and the stand-off 68 are ail 
centered relative to the width of the dipole element 46 
and the width of the balun member 52, and are 3.55 
inches from the top and bottom of the dipole element 
46. The stand-off 68 extends 0.21 inches from the balun 
member 52, and has a width of 0.2 inches. The clip 70 
is about 0.37 inches long and provides an opening for 
the inner cable 60 of about 0.07 inches. The clip 62 pro- 
vides an opening of 0.09 inches. 

[0017] The forgoing discussion discloses and de- 
scribes merely exemplary embodiments of the present 



6 

invention. One skilled in the art will readily recognize 
from such discussion, and from the accompanying 
drawings and claims, that various changes, modifica- 
tions and variations can be made therein without depart- 
5 ing from the spirit and scope of the invention as defined 
in the following claims. 

Claims 

10 

1. An antenna system comprising: 

a housing, said housing having at least one 
housing panel defining a reflector; 
'5 a dipole antenna positioned within the housing, 

said dipole antenna including a first dipole 
member and a second dipole member that are 
electro-magnetically coupled together, said 
first dipole member including a first rectangu- 
20 lar-shaped dipole element and said second di- 

pole member including a second rectangular- 
shaped dipole element, where the first and sec- 
ond dipole members are positioned on sub- 
stantially the same plane; and 
25 a cable extending into the housing and being 

electrically connected to one of the dipole mem- 
bers. 

2. The system according to claim 1 wherein the first 
30 dipole member includes a first transmission balun 

member and a first mounting plate and the second 
dipole member includes a second transmission bal- 
un member and a second mounting plate, said first 
and second mounting plates being mounted to the 
35 housing, wherein the first and second transmission 
balun members are spaced apart a predetermined 
distance and are substantially parallel to each other, 
and wherein the first transmission balun member is 
substantially perpendicular to the first dipole ele- 
40 rnent and the second transmission balun member 
is substantially perpendicular to the second dipole 
element. 

3. The system according to claim 2 wherein the first 
45 dipole element, transmission balun member and 

mounting plate are formed of a single piece of met- 
al, and the second dipole element, transmission 
balun member and mounting plate are formed of a 
single piece of formed metal. 

50 

4. The system according to claim 2 wherein the cable 
is mounted between the first and second transmis- 
sion balun members. 

55 5. The system according to claim 4 wherein the cable 
is mounted to the first dipole member. 

6. The system according to claim 5 wherein an outer 
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conductor of the cable is electrically connected to 
the first transmission balun member and an inner 
conductor of the cable is electrically connected to 
the first dipole element. 

5 

7. The system according to claim 6 wherein the outer 
conductor of the cable is connected to the first trans- 
mission balun member by a punched-out section of 
the first transmission balun member and the inner 
conductor of the cable is connected to the first di- 10 
pole element by a punched-out section of the first 
dipole element 

8. The system according to claim 5 wherein the cable 

is connected to tnc first transmission balun member is 
by a stand-off so as to separate the cable from the 
first dipole member, said stand-off being formed 
from the first transmission balun member 

9. The system according to claim 1 wherein the hous- 20 
ing includes first and second side panels that are 
angled relative to each other at about 90E and are 
connected to a rectangular- shaped back panel to 
form a truncated comer configuration. 

25 

10. The system according to claim 9 wherein the hous- 
ing further includes trapezoidal-shaped top and bot- 
tom panels. 

11. The system according to claim 1 wherein the hous- 30 
ing further includes a front panel radome, said front 
panel radome being removably attached to side 
panels of the housing by extended clips. 

12. The system according to claim 1 wherein theanten- 35 
na system provides high performance reception 
and transmission in the 800 to 1050 MHz range. 

13. An antenna for receiving and transmitting cellular- 
band frequencies, said antenna comprising: *o 

a housing, said housing including angled side 
panels positioned at about 90E relative to each 
other, trapezoidal-shaped top and bottom pan- 
els, and a back panel defining a truncated cor- 45 
ner configuration, said housing panels being an 
antenna reflector; 

a first dipole member positioned within the 
housing, said first dipole member including a 
first dipole element, a first elongated transmis- so 
sion balun member connected to the first dipole 
element, and a first mounting plate connected 
to the first transmission balun member and the 
back panel, wherein the first transmission balun 
member is substantially perpendicular to the 55 
first dipole element; 

a second dipole member positioned within the 
housing, said second dipole member including 




349 A2 8 

a second dipole element, a second elongated 
transmission balun member connected to the 
second dipole element, and a second mounting 
plate connected to the second transmission 
balun member and the back panel, wherein the 
second transmission balun member is substan- 
tially perpendicular to the second dipole ele- 
ment; and 

a coaxial cable extending through the housing, 
wherein an outer conductor of the cable is elec- 
trically connected to the first transmission balun 
member and an inner conductor of the cable is 
electrically connected to the first dipole ele- 
ment, said cable extending along the first balun 
member between the first and second balun 
members. 

1 4. The antenna according to claim 1 3 wherein the first 
and second dipole elements are rectangular plates. 

1 5. The antenna according to claim 1 4 wherein the first 
and second dipole elements are positioned on the 
same plane. 

1 6. The antenna according to claim 1 3 wherein the first 
and second transmission balun members oppose 
each other and are substantially parallel. 

1 7. The system according to claim 1 3 wherein the cable 
is connected to the first transmission balun member 
by a stand-off so as to separate the cable from the 
first dipole, said stand-off being formed from the first 
transmission balun member. 

18. The system according to claim 13 wherein the outer 
conductor of the cable is connected to the first trans- 
mission balun member by a punched out section of 
the first transmission balun member and the inner 
conductor of the cable is connected to the first di- 
pole element by a punched-out section of the first 
dipole element. 

1 9. The system according to claim 1 3 wherein the hous- 
ing further includes a front panel radome, said front 
panel radome being removably attached to side 
panels of the housing by extended clips. 

20. A method of providing an antenna system, said 
method comprising the steps of: 

providing a housing that includes at least one 
housing panel defining a reflector; 
providing a dipole antenna having a first dipole 
member and a second dipole member where 
the first dipole member includes a first rectan- 
gular-shaped dipole element and said second 
dipole member includes a second rectangular- 
shaped dipole element; 
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mounting the first dipole member and the sec- 
ond dipole member within the housing so that 
the first and second rectangular-shaped dipole 
elements are on substantially the same plane 
and the first dipole member and the second di- 5 
pole member are electro-magnetically coupled 
together; and 

extending a cable into the housing and electri- 
cally connecting the cable to one of the dipole 
members. w 



21. The method according to claim 20 wherein the step 
of providing a dipole antenna includes forming the 
first dipole member from a single piece of metal to 
include the first dipole element, a first transmission * 5 
balun member and a first mounting plate, and form- 
ing the second dipole member from a single piece 
of metal to include the second dipole element, a 
second transmission balun member and a second 
mounting plate, and wherein the step of mounting 20 
the dipole antenna within the housing includes elec- 
trically connecting the first and second mounting 
plates to the housing so that the first and second 
transmission balun members are parallel to each 
other and define a balun. 25 



22. The method according to claim 20 wherein the step 
of providing a housing includes providing a housing 
having first and second side panels that are angled 
relative to each other at about 90E and are connect- 30 
ed to a rectangular-shaped back panel to form a 
truncated corner configuration. 

23. The method according to claim 20 wherein the step 

of connecting the cable to the first dipole member 35 
includes connecting an outerconductor of the cable 
to a first transmission balun member of the first di- 
pole member and connecting an inner conductor of 
the cable to the first dipole element. 
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(54) High performance, directional cellular band antenna 



(57) An indoor cellular band antenna (10) that is low 
cost, easy to assemble, easy to manufacture, and has 
better performance than those antennas existing in the 
art. The antenna (10) has an outer metal housing (12) 
including angled side panels (22 : 24), trapezoidal- 
shaped top and bottom panels (18, 20) and a rectangu- 
lar shaped back panel (26) defining a 90E truncated cor- 
ner configuration. A radome (14) is positioned over the 
front of the housing (12) by sliding it beneath extending 
clips (30) formed to the side panels (22, 24). An antenna 
dipole (16) is mounted in the housing (12) and includes 
two dipole members (42, 44). Each dipole member (42, 
44) includes a rectangular dipole element (46, 58), ex- 
tended transmission balun members (52, 59) and a back 
mounting plate (54, 61 ) formed from a single piece of 
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metal. The transmission balun members (52, 59) are 
parallel to each other and specially spaced to provide a 
predetermined and electromagnetic coupling between 
the dipole members (42, 44). An antenna cable (36) ex- 
tends through the top panel (1 8) of the housing (1 2). An 
outer conductor (62) of the cable (36) is electrically con- 
nected to one of the transmission balun member (52) of 
one dipole member (42) and an inner conductor (60) is 
electrically connected to the dipole element (46) of the 
same dipole member (42). The inner and outer conduc- 
tors (60, 62) of the cable (36) are mounted to the dipole 
member (42) by connectors (64, 70) formed from the 
dipole member (42). 
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